Objective: To assess a comprehensive multicomponent intervention against a low intensity intervention for promoting physical activity in chronic low back pain patients. Design: Randomised controlled trial. Setting: Inpatient rehabilitation and aftercare. Subjects: A total of 412 patients with chronic low back pain. Interventions: A multicomponent intervention (Movement Coaching) comprising of small group intervention (twice during inpatient rehabilitation), tailored telephone aftercare (twice after rehabilitation) and internet-based aftercare (web 2.0 platform) versus a low level intensity intervention (two general presentations on physical activity, download of the presentations). Main measures: Physical activity was measured using a questionnaire. Primary outcome was total physical activity; secondary outcomes were setting specific physical activity (transport, workplace, leisure time) and pain. Comparative group differences were evaluated six months after inpatient rehabilitation. Results: At six months follow-up, 92 participants in Movement Coaching (46 %) and 100 participants in the control group (47 %) completed the postal follow-up questionnaire. No significant differences between the two groups could be shown in total physical activity (P = 0.30). In addition to this, workplace (P = 0.53), transport (P = 0.68) and leisure time physical activity (P = 0.21) and pain (P = 0.43) did not differ significantly between the two groups. In both groups, physical activity decreased during the six months follow-up. 
Introduction
The benefit of regular physical activity in primary and secondary prevention as well as in the rehabilitative treatment of several non-communicable diseases has been scientifically proven. [1] [2] [3] [4] Particularly those people with chronic health conditions are considered to be insufficiently, physically active. 5, 6 Physical activity is also an integral part of musculoskeletal rehabilitation in low back pain patients and is therefore widely recommended as a successful therapy for that patient group. 7, 8 However, studies have shown that it is a common problem for patients to adhere to self-directed exercise and to implement a health-enhancing physical activity into a daily routine following rehabilitation. Only a few patients integrate healthenhancing physical activity and/or sport activities into their lifestyles thus demonstrating the relevance of interventions that promote physical activity. 9 Within the healthcare setting, different strategies have been used to promote physical activity. Strategies in physical activity promotion can be broadly separated into advice, behavioural-oriented counselling, providing written materials, exercise referral schemes, and disease specific rehabilitation programmes including exercise therapy. 6, 10, 11 In addition to these, long-term interventions such as telephone-based and internet-based interventions, and mailed support have gained importance. Furthermore, current research discusses whether individually tailored interventions are more effective than standard interventions. 12, 13 Overall, independent of the chosen intervention strategy, it is recognized that the didactics of information delivery should be based on valid behaviour change methods (e.g., social cognitive theory and the transtheoretical model) which set clear and realistic goals and use simple and specific messages. 2 At present, it is not known which method or strategy of physical activity promotion works best. 14, 15 However, it seems that comprehensive and high-quality interventions, using additional exercise prescriptions and booster strategies, achieved the most significant long-term increases in physical activity behaviour. 15 For this reason, further research is needed in order to identify the most effective strategies in physical activity promotion and to accumulate evidence on physical activity promotion in healthcare.
Within the scope of this study, two different strategies of physical activity promotion were compared within the rehabilitation setting. Owing to the high prevalence of chronic low back pain patients in inpatient orthopaedic rehabilitation in Germany, and due to the fact that the ultimate aim of exercise therapy is to lead patients into an active lifestyle, 16, 17 this indication was considered relevant for the study. The aim of the present study was to evaluate the effectiveness of a multicomponent approach in physical activity promotion (Movement Coaching) compared with a low intensity intervention six months after inpatient rehabilitation.
Methods
The study protocol for this research project has already been described elsewhere. 18 Ethical approval was granted by German Sport University Ethics Committee and the study was conducted in compliance with the Helsinki Declaration.
Study design and study population
The present evaluation is based on a single centre randomised controlled trial with two measuring points: T0 = start of inpatient rehabilitation (baseline); T1 = six months follow-up. Participants were recruited from an inpatient medical rehabilitation centre.
Eligible patients were invited to an informational meeting and voluntary participation in the study was offered. Eligibility criteria included: (1) age 18 to 65 years; (2) starting an inpatient medical rehabilitation treatment due to low back pain. Exclusion criteria included: (1) cognitive disorders; (2) insufficient understanding of the German language; (3) previous surgery within the last three months; (4) posttraumatic conditions (e.g., LBP following an accident); (5) a current state-pension claim.
As far as possible, the study was conducted single-blinded. That is, we informed patients that we employed two different approaches which promote physical activity and these two interventions were labelled Movement Coaching A and Movement Coaching B. Thus, the patients did not know if they were randomised into the intervention group (Movement Coaching) or control group (low intensity intervention). However, the therapist conducted both interventions and was therefore not blinded.
Written informed consent forms were obtained by all participants. Patients were recruited from May 2013 to April 2014. The six-month follow up was completed in October 2014.
Intervention
The intervention (Movement Coaching) was designed as a multicomponent approach and comprised of three different components: face-to-face contact (small group intervention, twice during inpatient rehabilitation), a tailored telephone aftercare (8 weeks and 12 weeks after rehabilitation) and an Internet-based aftercare (web 2.0 platform; available up to six months after rehabilitation). For further information about the main objectives, the theoretical foundations of the intervention and differences between the two interventions, see Schaller et al. 18 
Control intervention
The control intervention was designed as a low intensity intervention merely comprising of two general presentations on physical activity during inpatient rehabilitation which could be downloaded from a homepage during aftercare. Differences and similarities of the two intervention strategies are presented in Table 1 .
Outcomes
Patients answered a questionnaire on physical activity, sociodemographic and clinical variables. Following the informational meeting about the study, patients answered the baseline questionnaire at the beginning of inpatient rehabilitation. The outcome data at six months were collected using a postal questionnaire. Physical activity was operationalized by the Global Physical Activity Questionnaire, 19, 20 which collects information on both physical activity during a typical week within three settings (workplace, transport and leisure time) as well as on sedentary behaviour. We chose total physical activity (METmin/week) as our primary outcome because the Global Physical Activity Questionnaire measures leisure time and workplace physical activities with respect to their intensity by multiplying the minutes per week for each domain by their associated MET to give the MET-min scores. Activity specific scores are summed to give the total MET-min/ week. Thereby, each minute of vigorous physical activity is multiplied by 8 METs and each minute of moderate physical activity by 4 METs. The metabolic equivalent (MET) is a physiological measure expressing the expended energy of physical activities. MET is defined as the ratio of the rate of energy consumption during a specific physical activity to a reference metabolic rate.
Bull et al. 20 showed a moderate to strong positive relationship of the Global Physical Activity Questionnaire with the International Physical Activity Questionnaire (concurrent validity: Spearman's rho 0.45 -0.65), and the reliability was of moderate to substantial strength (kappa 0.67 to 0.73; Spearman's rho 0.67 to 0.81) (20) . Compared to the accelerometer data, the Global Physical Activity Questionnaire provided low-tomoderate validity and generally acceptable evidence of reliability. 21 As secondary outcomes, leisure time (METmin/week), workplace (MET-min/week) and transport physical activity (MET-min/week) as well as pain were evaluated. The intensity of pain during the last four weeks was measured via a question from the SF-36 questionnaire ("How much bodily pain have you had during the past 4 weeks?"; answering on a scale from 1 to 6). 22 
Further variables
Sociodemographic and indication-related variables include gender, age (in years), level of education ("lower secondary school"/"higher level of education than lower secondary school"), body mass index (BMI) and the duration of LBP at the beginning of inpatient rehabilitation (⩽12 months / >12 months).
Statistical analysis
In order to describe the sample, the means and standard deviations (SD) were calculated for continuous data, and frequency tables (n; %) for the categorical data. Due to the skewed distribution, the median, 25% quartile and 75% quartile were also presented for physical activity data. Differences in the baseline characteristics between the intervention group (Movement Coaching) and the control group (low intensity intervention) were tested using the Mann-Whitney U-test (age, BMI, and pain intensity, leisure time physical activity, workplace physical activity, transport physical activity, total physical activity) and the chi-squared test (gender, education level, and duration of low back pain).
To identify the differences between the patients who replied (reply to six month follow-up) and those patients who did not reply (non-reply to six month follow-up) to the postal six months followup questionnaires, both the sociodemographic and clinical variables as well as the setting specific baseline physical activity were included as independent variables in the equation of a binary logistic regression model for adjusted evaluation.
A base-case analysis was performed using data restricted to those patients who replied to the postal six month follow-up questionnaire. Here, compliance with the intervention was not considered.
To explore the robustness of the results, two intention-to-treat analyses were performed using two approaches to impute missing data. Since the effectiveness of physical activity promotion is considered controversial, 10, 14, 23 we decided to take a conservative approach in the intention-to-treat analyses. The first intention-to-treat analysis (ITT LOCF ) was performed assuming "last observation carried forward": if six months follow-up data were missing, it was assumed that the physical activity and pain data were the same as at baseline. In the second intention-to-treat analysis (ITT worst ), we assumed a "worst case" scenario for physical activity at six months follow-up (0 MET-min/ week) and pain ("6").
The Global Physical Activity Questionnaire data were checked for possible data entry errors by using the CleanRecode program provided by WHO. In comparison, the effectiveness of Movement Coaching and the low intensity intervention was evaluated by considering the total physical activity in both groups at six months follow-up.
Furthermore, the comparisons between group differences in the secondary outcomes (pain, leisure time physical activity, workplace physical activity, transport physical activity) and those between group differences over the course of time (Δ = six months follow-up (T1)-baseline (T0)) were tested using the Mann-Whitney U-test. The analysis also reported the means, standard deviations (SD), medians, the 25% quartiles and 75% quartiles.
Subject differences from baseline to six months follow up were tested using the Wilcoxon Test.
To calculate the sample size, we assumed a difference of 360 MET-min/week between the groups. This corresponds to 90 minutes physical activity with moderate intensity which, from the perspective of rehabilitation practitioners, is assumed to be a relevant difference in order to gain a health enhancing effect of physical activity.
We estimated the variance for the sample size calculation from the results of a survey of physical activity in the German population. 24 Sample size was calculated based on a significance level of α = 0.05; power (1-β) = 0.80 and an estimated variance of 1.04. We increased the sample size by 5 % because of the high probability for applying a nonparametric test, and we estimated a total of 277 patients for the comparison of two independent groups. By estimating a loss to follow-up of 35 % during the twelve months period, we calculated a total sample size of 372 patients, 186 patients per group, respectively. For all statistical tests, the significance level was set to P < 0.05. All analyses were run with IBM SPSS Statistics 20.
Results
Informed consent and the baseline questionnaires were given by 412 patients who were assessed for eligibility (44 %). At six months follow-up, 46 % of the Movement Coaching and 47 % of the control groups completed the questionnaire. Overall, it was possible to analyse 192 questionnaires. Figure 1 shows the CONSORT flow diagram illustrating the progress through the phases of the present study.
Sample description
The sample consisted of 286 men and 126 women. There were no significant differences between the control group and the intervention group (Movement Coaching) regarding either the sociodemographic and indication-related variables or the baseline physical activity. In both groups, workplace physical activity was higher than transport and leisure time physical activity. The initial characteristics of the patients are shown in Table 2 .
The adjusted binary logistic regression model, including the baseline data, showed no significant differences between the patients that replied to the six month follow-up questionnaire and those patients who did not reply (see Table 3 ).
Six months follow-up data
At the six months follow-up (Table 4) , both base case (patients that replied to the six month followup questionnaire) as well as the two intention-totreat scenarios showed no significant differences between the two groups regarding total physical activity.
Again, regarding the secondary outcomes (setting specific physical activity and pain), no significant differences between the two groups were identified.
The Movement Coaching group tended to show higher workplace physical activity (base case: median 480 MET-min/week vs. 360 MET-min/ week) and higher leisure time activity (MET-min/ week) (base case: median 270 MET-min/week vs. 180 MET-min/week).
Both groups reported higher physical activity levels in workplace than leisure time or transportation. Figure 2 shows the boxplots of setting specific physical activity six months after inpatient rehabilitation.
Changes in physical activity from baseline to six months follow-up
From the beginning of inpatient rehabilitation (baseline) to six months follow up, both groups showed a significant decrease in pain. Furthermore, the results showed significant decreases in physical activity, except transport physical activity in the control group (P= 0.18). Compared to the control group, a significantly greater decrease in total physical activity (P < 0.01), transport (P = 0.02) and workplace physical activity (P = 0.03) in the Movement Coaching group was shown between the group differences ( Table 5) .
Discussion
In regard to physical activity and pain, the present study could not demonstrate superiority of a comprehensive multicomponent approach (Movement Coaching) over a low intensity intervention. Although the present results could not identify a superior intervention strategy or method in physical activity promotion, the study has several important implications for the future field of physical activity promotion in the healthcare setting. In particular, the decrease in physical activity in both groups over the six months period seems to be a noticeable aspect of the study and a major issue for further research on physical activity promotion.
Due to the clinical and statistical heterogeneity of studies on physical activity promotion (e.g., heterogeneity in the characteristics of the interventions, heterogeneity in the reported effects), the comparison with other studies is limited. 14 Hence, the decrease in physical activity after an intervention aiming at promoting physical activity seems to contradict current research. A review of long-term effectiveness of interventions promoting physical activity in healthy adults showed evidence for increases in physical activity behaviour and physical fitness. 15 Moreover, a review by Foster et al. 14 suggests that physical activity interventions have a moderate effect on self-reported physical activity in sedentary adults.
One reason for the decrease in physical activity in the current study could be the target group of the intervention: since all patients suffered from chronic low back pain, a further deterioration of the patients' health status cannot be excluded. Hence, the decrease in pain in the present results seems to contradict this assumption. Further research is needed to examine the relationship of health status and physical activity in low back pain patients.
Another reason for the decrease in physical activity might be the difficulties in measuring physical activity by a questionnaire. The literature shows a low correlation of objectively and subjectively measured physical activity. 25, 26 Moreover, a study from van Weering et al. 27 showed that low back pain patients appear to have more problems in estimating their physical activity levels than healthy people. Patients probably overestimated their physical activity levels at the beginning of inpatient rehabilitation. The inpatient rehabilitation and each of the two different interventions employed here (Movement Coaching, low intensity control group), might have improved the patients' self-estimation rather than their physical activity levels.
Comparing the decline in physical activity of the two different interventions, another interesting aspect is revealed: the decline in total physical activity in the Movement Coaching group is significantly greater than that in the control group. An improvement of self-assessment due to the comprehensive Movement Coaching intervention; including contact in the follow-up period, might be an explanation for this aspect. In this context, further studies are necessary on the correlation of subjective and objective physical activity before and after an intervention promoting physical activity.
The literature shows that comprehensive and high-quality interventions achieve the most significant long-term increases in physical behaviour. 14, 15 One reason that the present study could not underline the superiority of a comprehensive approach in physical activity promotion might be ascribed to the design of the present study. The comparison of two different intervention strategies might be a reason for the lack of differences in effectiveness. Several reviews could demonstrate that those interventions which were compared to an alternative intervention strategy, rather than to a minimal intervention or to no intervention at all, showed weaker effects. 10, 15, 28 In line with the present results, Swinburn et al. 29 could not show significant group differences between theory-based consultation on physical activity compared to solely oral advice, or at 6-weeks follow-up. Another randomised controlled trial, which compared a comprehensive high-intensity intervention (two supervised exercise a week, two hours education in physical activity and individual motivational counselling) with a low intensity control group (written information about the possibility of participating in exercise), showed significant improvement in physical activity in both groups but no significant group differences in effectiveness. 30 Moreover, studies comparing phone and print intervention strategies in sedentary adults 31 and studies evaluating differences between Table 3 . Differences between patients that replied to the six month follow-up questionnaire and the patients who did not reply in baseline data.
Reply (n = 192)
Non-reply (n = 220) P a an individually tailored intervention and standardized intervention 12, 13 showed that the different strategies were equally effective.
The present study has several limitations. The low response rate was certainly the main weakness of the study. As a consequence, the generalization of the results on effectiveness is limited and the results should be interpreted very cautiously, taking into account the bias resulting from the non-reply to the postal six months follow-up questionnaire. To explore the robustness of the results, two ITT scenarios were also calculated.
A possible reason for the high loss to followup might be a lack of compliance with the interventions. To explore the feasibility and acceptance of the two approaches, a formative evaluation of the study results is planned. In a second step, this evaluation allows the possibility of identifying specific patients' characteristics in order to gain knowledge about what intervention works for whom.
The methodological strength of the study is certainly the randomised controlled study design. However, this study design also faces several problems in rehabilitation practice: since the patients might recognise that they were receiving different types of treatment, the authors cannot completely exclude the possibility of bias resulting from the exchange of information between the patients.
A further limitation posing several challenges, which should be mentioned, is the measurement of physical activity using a questionnaire. The selfreported operationalization of physical activity may induce a reporting bias tending to overestimation. 32, 33 In addition to this, the Global Physical Activity Questionnaire, as a questionnaire recommended by the World Health Organization, is subject to concrete points of criticism and its validity is controversial. 34, 35 Apart from the limitations outlined above, this study includes a number of important strengths. Although most interventions on physical activity promotion consist of a combination of different intervention components, Movement Coaching is, as far as the authors are aware, the first multicomponent intervention combining face-to-face small group intervention, telephone aftercare and internet-based aftercare in the healthcare setting. Since it was already assumed that the promotion of physical activity exerts an influence, the study went further and compared two different approaches in a randomised controlled trial.
Clinical messages
• • Six months after inpatient rehabilitation, the comprehensive multicomponent intervention does not seem to be more effective in promoting physical activity than the low intensity intervention. • • The decrease in physical activity from baseline to follow-up is a noticeable aspect which should be examined further. Table 5 . Between group and within subject differences (patients who replied to the postal six month follow-up questionnaire).
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